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We amplified a sequence demonstrating complete
identity to the homologous 590-bp segment of the ompA
gene of R. parkeri strain Maculatum 20 (GenBank ac-
cession no. U43802) from 1 (7%) of 14 ticks collected
in 2016. We further amplified sequences demonstrating
complete identities to the homologous segments of the
ompA (590 bp) and 17-kDa antigen (208 bp) genes of
Candidatus Rickettsia andeanae (GenBank accession nos.
KF179352 and KY402193, respectively) from another
tick in this group and sequences revealing complete iden-
tity to each other and to the homologous segments of the
gltA (760 bp), ompB (760 bp), and ompA (490 bp) genes
of R. parkeri strain Portsmouth (GenBank accession no.
CP003341.1) from 10 (71%) of 14 ticks evaluated from
the 2017 collection.

We identified DNA of R. parkeri and Candidatus
Rickettsia andeanae in A. maculatum group ticks in north-
ern Sonora. R. parkeri causes a disease less severe than
RMSF and should be suspected in patients with an es-
char, rash, and lymphadenopathy (/). The results of this
investigation suggest that R. parkeri could contribute
to at least some of the cases of spotted fever rickettsi-
osis described in Sonora and possibly in other regions
of Mexico where 4. maculatum group ticks are found.
Differentiation between these 2 diseases is important,
principally because there are no reports of fatal disease
caused by R. parkeri. Nonetheless, clinical suspicion of
any SFGR requires immediate treatment with doxycy-
cline. Candidatus Rickettsia andeanae, a SFGR of unde-
termined pathogenicity, has been detected in the United
States and Central and South America (2,10). Our find-
ings highlight the need for specific diagnostic tests for
SFGR in Mexico that can identify other potential SFGR
of public health concern in this country.
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We identified an influenza B isolate harboring a Gly407Ser
neuraminidase substitution in an immunocompromised pa-
tient in Canada before antiviral therapy. This mutation medi-
ated reduced susceptibility to oseltamivir, zanamivir, and per-
amivir, most likely by preventing interaction with the catalytic
Arg374 residue. The potential emergence of such variants
emphasizes the need for new antivirals.

Neuraminidase inhibitors (NAIs) are recommended for
the control of severe influenza A and B infections (/).
Nevertheless, antiviral resistance may emerge in immuno-
compromised persons, with major clinical implications (2).

In 2017-18, influenza B/Yamagata/16/88-like strains
accounted for 50% of seasonal infections in Canada (3).
In March 2018, we identified an influenza B/Yamaga-
ta/16/88—like variant containing a Gly407Ser NA substi-
tution conferring reduced susceptibility to various NAls.
This variant was recovered from an immunocompromised
patient before NAI therapy.

The 62-year-old woman, who had non-Hodgkin
lymphoma, underwent an autologous stem cell trans-
plant in February 2017. In March 2018, she developed
therapy-related acute myeloid leukemia that failed to
respond to cytarabine treatment. During hospitalization,
she had influenza-like symptoms, with confirmed influ-
enza B detection by RT-PCR. Oseltamivir (75 mg 2x/d)
was administered during March 27, 2018—April 4, 2018.
Because the patient’s respiratory symptoms worsened
and influenza B persisted despite treatment, we replaced
oseltamivir with intravenous zanamivir (600 mg 2x/d)
but switched back to oseltamivir because of respiratory
distress episodes. Ultimately, the patient opted to stop
treatment and died a few days later.

We sequenced the viral hemagglutinin (HA) and
NA genes from nasopharyngeal swab specimens us-
ing the ABI 3730 analyzer (Thermo Fisher, https://
www.thermofisher.com). The HA (GenBank acces-
sion no. MH450013) and NA (GenBank accession no.
MH449670) sequences from the March 27, 2018, speci-
men (pretherapy: B/Quebec/1182C/2018) were identical
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to the April 4, 2018, specimen (day 9 of oseltami-
vir therapy), sharing 99.5% aa identity with the HA
(GenBank accession no. EP1544262) and 98.7% with
the NA (GenBank accession no. EP1544263) of the B/
Phuket/3073/2013 vaccine strain. Both clinical samples
contained a Gly407Ser NA substitution, a marker of NAI
resistance (4). We cloned the NA gene from pre— and
post—oseltamivir therapy viruses into pJET cloning plas-
mid and sequenced 15 clones per virus. All NA clones
contained the Gly407Ser mutation.

We wused an wunrelated 2018 isolate (B/Que-
bec/88855/2018; GenBank accession nos. MH450019 for
HA, MH450017 for NA) as a wild-type control for further
in vitro characterization. B/Quebec/88855/2018 (wild-
type) and B/Quebec/1182C/2018 (Gly407Ser) shared
99.8% aa HA and 99.4% aa NA identities.

We determined NAI 50% inhibitory concentrations
(IC, ;) of isolates using fluorometric-based NA inhibition
assays (5) and evaluated their NA activity (V_[maximum
velocity of substrate conversion]) by performing enzyme
kinetics experiments (6). B/Quebec/1182C/2018 demon-
strated reduced inhibition (RI; 5- to 50-fold increases in
IC,, over wild-type) (4) to oseltamivir, zanamivir, and
peramivir, showing 5.97-, 32.44-, and 38.34-fold increas-
es in ICs, respectively, over B/Quebec/88855/2018 WT
(Table). The last 2 isolates had similar NA activity (V)
(Table). To confirm the role of the Gly407Ser mutation,
we expressed the recombinant wild-type and Gly407Ser
mutant proteins (obtained by PCR-mediated mutagenesis)
in 293T cells (7) and found that Gly407Ser also increased
oseltamivir, zanamivir, and peramivir IC, levels by 4.16-,
10.07- and 16.36-fold, respectively (Table).

We next evaluated replication kinetics of the wild-type
and Gly407Ser isolates in ST6Gall-MDCK cells. Mean
viral titers obtained with wild-type isolates were higher
than the mutant at 24 and 48 h postinfection (p<0.01);
comparable titers were obtained at 72 and 96 h postin-
fection (Appendix Figure 1, http://wwwnc.cdc.gov/EID/
article/25/4/18-1554-Appl.pdf). To assess genetic stabil-
ity, we sequenced the HA/NA genes after 4 passages in

Table. Susceptibility profiles and NA activity of influenza B virus isolates and susceptibility profiles of recombinant influenza B NAs
determined by assays using the fluorescent MUNANA substrate, Canada*

ICs0 in nM + SD (fold increase) [phenotype]t NA activity,

Sample type Oseltamivir Zanamivir Peramivir Viaxt
Clinical isolate

B/Phuket/3073/2013, vaccine 18.98 + 3.89 0.70 + 0.17 0.74 + 0.02 ND

B/Québec/88855/2018, WT 17.47 £ 1.43 (1) [NI] 0.85+0.09 (1) [NI] 0.92 +0.09 (1) [NI] 2.24+0.3

B/Québec/1182C/2018, Gly407Ser 104 + 14.62 (5.97)[RI]  27.58 + 2.56 (32.44)[RI] 26.08 + 0.1 (38.34)[RI] 2.18 + 0.47
Recombinant neuraminidase

B/Quebec/88855/2018, WT 11.16 + 5.25 (1) [NI] 0.97 + 0.27 (1) [NI] 0.76 + 0.19 (1) [NI] ND

B/Quebec/88855/2018, Gly407Ser  46.52 + 12.58 (4.16) [NI]  9.77 + 0.90 (10.07) [RI] 12.44 + 5.47 (16.36) [RI] ND

*Values are from a representative experiment performed in duplicate. ICso, 50% inhibitory concentration; MUNANA, 2 '-(4-methylumbelliferyl)-a-D-N-
acteylneuraminic acid; NA, neuraminidase; NAI, neuraminidase inhibitor; ND, not done; NI, normal inhibition (<5-fold increase in ICso over WT); RI,
reduced inhibition (5- to 50-fold increase in ICso over WT); Vmax, maximum velocity of substrate conversion; WT, wild type.

1The phenotype of susceptibility to NAI following the World Health Organization guidelines.

FNumbers indicate mean Vmax values (U/sec) + SD of a kinetics experiment performed in triplicate.
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ST6Gall-MDCK cells and found that Gly407Ser was con-
served with no additional sequence alterations, suggesting
genetic stability of the NA mutant.

Finally, we performed molecular dynamics simulations
for deciphering the mechanism of cross-RI displayed by
Gly407Ser (Appendix). Our model suggests that Gly407Ser
affects interaction networks involving a key arginine residue
within the NA active site (Arg374) (8) and neighboring resi-
dues (Appendix Figure 2). In the wild-type protein, Arg374
forms hydrogen bonds with NAIs (Appendix Figure 2, panels
A-C). There is a hydrogen bond between the Gly407 amine
and the Arg374 carbonyl, and between the Trp408 amine and
the Glu428 carbonyl, in addition to hydrophobic interactions
between Trp408 and Val430 side chains. In the Gly407Ser
variant, the orientation of Arg374 prevents hydrogen bond
formation with NAIs (Appendix Figure 2, panels D-F). A hy-
drogen bond exists between the Ser407 amine and the Arg374
carbonyl and between the Ser407 side chain hydroxyl and the
Glu428 carbonyl, in addition to hydrophobic interactions be-
tween the Trp408 and the Arg374 side chains.

In 2007, a Gly407Ser influenza B variant was re-
covered from a child after 3 days of oseltamivir therapy
(9). That variant displayed 4- and 7-fold increases in os-
eltamivir and zanamivir IC, levels, respectively, with an
unexplained mechanism (9). Here, we identified a con-
temporary Gly407Ser influenza B variant in a patient be-
fore NAI therapy and propose a molecular mechanism for
such a cross-RI phenotype. We cannot exclude nosoco-
mial transmission of this virus despite evidence for some
alteration in replication kinetics. The Gly407Ser mutation
was detected in the absence of NAI constituting 100% of
sequenced clones, did not affect NA activity, and was con-
served after in vitro passages. Thus, such a variant may
retain efficient transmissibility. Nevertheless, the effect of
this mutation in a suitable animal model (ferrets) remains
to be assessed. The potential for emergence of variants
with cross-RI to available NAIs in the absence of treat-
ment emphasizes the need for novel antiviral strategies
(including combinations) against influenza B viruses.

This work was supported by a Canadian Institutes of Health Re-
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research program on the pathogenesis, treatment, and prevention
of respiratory and herpes viruses.
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Appendix

Molecular Dynamics Simulations

Molecular dynamics simulations were performed for highlighting the mechanism of cross
resistance displayed by the Gly407Ser mutation. A National Center for Biotechnology
Information Protein Data Bank (NCBI PDB) BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) of
the B/Quebec/1182C/2018 NA amino acid sequence identified B/Brisbane/60/2008 structure
PDB IDs having the best sequence identity (94.8%), including 4CPL (uncomplexed NA), 4CPM
(NA-oseltamivir), and 4CPN (NA-zanamivir). The amino acid sequence alignment was used to
build a SWISS-MODEL (https://swissmodel.expasy.org/). Then, the WT and Gly407Ser systems
were built using CHARMM-GUI (1) as previously described. Simulations were performed with
the NAMD 2.12b1 (2) software using the CHARMM36m force field, TIP3P waters, a time step
of 2 femtoseconds, and periodic boundary conditions. Nonbonded pair lists were updated at
every step, and coordinates were saved every 2 picoseconds (ps) for analysis. Cutoffs for the
short-range electrostatics and the Lennard-Jones interactions were 12 A, with the latter smoothed
via a switching function over the range of 10-12 A. Long-range electrostatics were calculated
via the particle mesh Ewald (PME) method, using a sixth-order interpolation and a grid spacing
of ~1 A. Langevin damping with a coefficient of 1 ps—1 was used to maintain a constant
temperature of 37°C, and the pressure was controlled by a Nosé-Hoover Langevin piston at 1
atm. The length of the bonds between hydrogens and heavy atoms were constrained using
SETTLE for water molecules, and SHAKE for all other molecules. For each system, 3
trajectories of 150 nanoseconds (ns) were recorded, and the last 50 ns of each trajectory was used

for analysis.
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Appendix Figure 1. Replicative properties of influenza B isolates in vitro. Confluent ST6Gall-MDCK cells
were infected with the WT and Gly407Ser influenza B isolates at a multiplicity of infection (MOI) of 0.001
PFU/cell. Supernatants were harvested at the indicated times and titrated by TCIDso assays. Mean viral

titers of triplicate +SD are shown. ** p < 0.01.
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Appendix Figure 2. Trajectory analysis and molecular dynamics simulations of the Gly407Ser variant.
Typical structures of the WT (in pink) and the Gly407Ser variant (in cyan). The residues involved in the
structural changes from the Gly407Ser mutations are in sticks and spheres. The molecules of zanamivir
(A and D), oseltamivir (B and E), and peramivir (C and F) were included to illustrate the potential
interactions with Arg374. The molecules, represented with gray sticks and spheres, were positioned
according to a structural alignment of the PDB 4CPN (PMID 24795482) to both the WT and the
Gly407Ser variant. For the Gly407Ser variant, Arg374 is locked in an orientation that prevents hydrogen
bond formation with NAls.
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